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ABSTRACT 
In this paper, we discuss how mobile phones have been used as 
devices for actively making music, how mobility can enhance the 
quality of sound, and how communication between moving sound 
sources can be integrated into the framework of a new genre of 
interactive performance involving groups of musicians. We 
identify some of the design limitations that stand in the way of 
developing new musical applications for mobile phones discussed 
against of a background of performance works developed so far 
using this technology and point the way to future developments. 
Categories and Subject Descriptors 
J.5 ARTS AND HUMANITIES - Performing Arts (music) 
General Terms 
Algorithms, Design, Experimentation, Human Factors, 
Languages, Performance, Security, Standardization. 
Keywords 
Doppler shift, Bluetooth, j2m~, java 2 micro edition, microtonal. 
1. INTRODUCTION 
The Pocket Gamelan project began in 2003 . Its principal focus 
has been on developing software that allow s microtonal music to 
be performed using mobile phone technology . Mobile technology 
is treated as a tool that can be appropriated by composers for 
actively making music rather than used simply as a means for the 
delivery of media content to an audience of passive consumers. 
The project has resulted in the development of new tools that 
allow public domain tuning and composition software designed 
for desktop environments to be exported to java phones [15]. One 
of these tools, Pd2j2me, was designed to export musical 
applications created using a music composition language called 
Pure Data, developed by Miller Puckette, converting them into 
musical applications that ~Jn on mobile hardware which supports 
the java 2 micro edition [12, 17]. The other tool was a command 
file written in Scala, tuning analysis editor librarian software 
developed by Manual Op de Coul. The command file , scale-
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player.cmd, allows tuning data and documentation to support file 
formats used in Pd. Scale-player.cmd was released in Scala 
version 2.20 and has been used to compose music that 
incorporates microtonal tunings devi sed by tuning theorists both 
living and extant [6,7,8,9 ,10,11]. 
These tools were designed to overcome two of computer 
music's most persistent technological legacies . One is its 
dependence on performance interfaces designed around 12 equal 
divisions of the octave. The other is the desktop computing 
environment where musical resources are concentrated in the 
hands of a single user. Both are legacies of the score-orchestra 
metaphor on which computer music languages like Music4 are 
based. 
Using these tools four new works have been produced and 
publicly performed in concerts of new music [9,13,15]: Mandala 
3 and Mandala 4 presented at UK Microfest, in London in 
October 2005 and NIME in Paris in June 2006; Mandala 5, 
premiered at ACMA in Adelaide in July 2006 ; and Mandala 6, 
premiered in Microfest2007 in Los Angeles in May 2007. 
There are two features common to these works: mobility and 
interaction . Mobile technology introduces electronic sound 
sources that are physically relocatable and offers possibilities for 
enhancing the sound quality with signal processing. Wireless 
network communication between mobile devices introduces a 
level of interactivity that allows moving sound sources to be 
controlled during performance. These features are combined in a 
new kind of interactive performance genre for instruments that are 
easy to play, quick to learn, and readily accessible to large 
numbers of people and not constrained by the musical 
requirements of a single system of tuning such as that used in 
western music [6]. 
2. MOBILE SOUND SOURCES 
In performance, mobile phones mounted in small fabric pouches 
are swung on the end of a cord approximately 2 metres long. The 
phone is used as a moving sound source to produce Doppler 
shifts, a form of sound enhancement that involves no signal 
processing. 
2.1 Doppler shift 
The use of Doppler shift has its origins in works created by the lst 
author using a purpose-buill set of battery powered oscillators and 
amplifiers housed in plastic kitchenware and attached to a cord 
[1]; these works were called Mandala, performed at Sydney 
Opera House in 1980 [3] and Mandala 2 performed at Annandale 
Town Hall , in inner Sydney in 1981. The same principle has also 
been applied by Gordon Monaghan in a work called Speaker 
Swinging performed at Mercer Union, Toronto in 1982 [4]. 
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Figure 1 Mobile phones are swung to produce Doppler shift 
Mandala took place on the northern broadwalk of the 
Sydney Opera House, as accompaniment 10 choreography by Yen 
Lu Wong . In the context of an outdoor performance where the 
sound environment is not contained by a ceiling and four walls, 
Doppler shifted pitches produced by moving sound sources took 
on the musical characteristics of a bull-roarer, the ceremonial 
instrument used by the Australian Aborigines. This is quite 
distinct from the chorusing effect in Mandala 2 produced by the 
interplay of fixed and microtonaUy shifted pitches that occurs 
when moving sounds are reflected off surfaces within a 
performance enclosure. Both works were intended for 
performance by groups of non-expert players . The same is true for 
Mandala 3, Mandala 4, Mandala 5 and Mandala 6 which also 
involve performance indoors. 
2.2 Chorusing 
Chorusing demonstrates that microtonal intervals are as much 
about qualities of sound such as timbre and rate of beating as they 
are about harmony. The rate of chorusing is a function of the 
radius of the circular trajectory in.which the phone is swung . It is 
possible to control this to a certain extent by varying the length of 
cord used. As one increases the radius of the circular trajectory, 
the sound source travels faster due to covering a greater distance 
in a given time. In order to achieve the most pleasing effect, 
players are required to swing the phone as slowly and as 
effortlessly as possible. Thi s can be achieved by using all 2 
metres of available cord, where space permits. 
3. INTERACTIVE NETWORKING 
Bluetooth-enabled phones are used in Mandala 3, Mandala 4, 
Mandala 5 and Mandala 6. In performance players press buttons 
that transmit commands from hand-held phones to flying phones 
thereby affecting the moving sound sources . 
Figure 2 Moving sound sources controlled by hand-held phone 
Players select various pre-programmed settings that operate 
on the sound producing algorithm and modify its behaviour. 
Depending on the network configuration used, the player's 
commands may affect the sound of a single phone . This happens 
in Mandala 4, Mandala 5 and Mandala 6. Or player's commands 
may affect the sound on several phones simultaneously. Thi s 
happen s in Mandala 3. 
3.1 Bluetooth initialization 
Pocket Gamelan Bluetooth devices are initialized at the start of 
every performance, Initialization is necessary to detect Bluetooth­
enabled phones and identifies every phone required for the 
performance. Initialization is also used to synchronize the start of 
free-running sequences in each phone. 
Figure 3 Bluetooth initialization sequence 
At the start of a performance, each phone initiates a 
Bluetooth discovery sequence searching for the other phones 
taking part . This allows every phone to identify the Bluetooth ill 
of other phones which it expects to find and to which it might 
connect during the performance. The Bluetooth ill of each phone 
discovered is then stored in memory . 
4. NETWORK CONFIGURATIONS 
The four works created for the Pocket Gamelan make use of 
various Bluetooth network configurations. To date, three different 
configurations have been used . These are: piconet relay, ad hoc 
network and tandem connection. 
4.1 Piconet relay . 
This Bluetooth configuration aUows any phone connected 
during initialization 10 relay control messages to every other 
phone at any point during the performance. The piconet relay 
allows a phone to connect to several other phones via a master 
phone [II] and is the configuration used in Mandala 3, where 
three slave phones (6230) communicate bi-directionally with a 
master phone (7610) as shown in Figure 4. The 7610 is used 
purely as a switch and does not produce sound . This configuration 
was developed to overcome a limitation in Bluetooth 
implementation on the 6230 which can only connect to one other 
phone at a time. The 7610 allows up to seven Bluetooth channels 
to be addressed and using this feature messages can be relayed to 
every 6230 in the network from any point in the network . 
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Figure 4 Piconet relay 
Pressing a key on any of the 6230s generales a message 
consisting of its phone ID and the key pressed. This message is 
then relayed by the master phone to every other 6230 phone . The 
ID of the receiving phone and the value of each received key 
pressed determine the response of each receiving phone. 
In Mandala 3, melodic sequences are generated on each 
receiving phone and work together in a conventional polyphonic 
form known as hocket . These may be started and stopped, 
playback speed may be altered, the mode and octave may be 
transposed and melodic sequences cross-faded between one phone 
and another . 
4.1.1 Initialization 
Initially the master device searches for the three phones within a 
len metre radius; unsolicited participants are excluded. Phones are 
identified initially by their UUID, then later by a friendly name 
that represents the order in which they are discovered. 
In Mandala 3, initialization is done by the 7610 which is the 
first application to be launched . Initialization synchronizes each 
of the three 6230s so that melodic sequences produced by the 
ensemble sound polyphonically coherent. 
4.2 Ad hoc network 
An ad hoc network is created when one device connects to 
another and only one device may be connected at any time [II]. 
In this configuration, as used in Mandala 4 and Mandala 5. a 
point- to-point connection can occur between any pair of 6230 
phones; any phone may become master and initiate connection 
with another phone, as shown in Figure 5. 
In Mandala 4 and Mandala 5, one phone attempts to initiate 
a connection at preset times. These are determined by the 
sequence which is pre-programmed in the composition. Once 
connected, the master phone allows a player to control the sound 
produced by the slave phone. Phones are identified by the colour 
of the screen as well as the label e.g. Phone A (blue), Phone B 
(green), Phone C (yellow) and Phone D (red) . Key functions and 
the aspect of sound they control are described elsewhere [9]. 
In Mandala 4 and Mandala 5. players may modify the tuning 
of an automated sequence of pitches. The ensemble texture is less 
polyphonic and more like block harmony . In Mandala 4, block 
harmony consists of a single chord which is revealed one note at a 
time; in Mandala 5, block harmony consists of two chords that 
gradually cross fade between one chord and the other. 
Figure 5 Ad hoc network 
4.2.1 Initialization 
Phones are initially synchronized by phone A, which searches for 
the other three phones as soon as the application is run. For this 
configuration, the ill of each phone must be determined prior to 
performance and stored by the phone as its Bluetooth friendly 
name. It appears to other devices by this name. 
Initialization is done by phone A, which synchronizes the 
start of sequences running on phone A, B, C and D. Phone A 
connects to each phone and sends a delay value before it 
disconnects . Different delay values are sent to B, C then D so 
their respective sequences start synchronously. This allows 
players to anticipate cues as they interact with one another. As 
soon as initialization is complete, pre-composed automated 
sequences begin playing. 
4.3 Tandem connection 
A tandem connection is created when two devices establish a 
single connection which .remains connected throughout the 
performance. In this configuration, developed for Mandala 6, two 
autonomous point-to-point connections are establ ished 
simultaneously between two pairs of phones (6230) , as shown in 
Figure 5. 
Figure 6 Tandem connection 
In performance, tandem connection requires players to work 
in pairs ; one player swings a phone while the other plays it by 
remote control , and vice versa. The additional pair of 
interconnected players may interact with one another without 
interfering with the network interaction between the other pair of 
players . The extensibility of this configuration relies on the ability 
of the Bluetooth physical layer to maintain a network connection 
in the presence of another network . 
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In Mandala 6, each phone is pre-programmed to produce a 
sequence of three polyphonic lines based on hockets in a manner 
similar to Mandala 3. A handheld phone may be used to change 
the octave. mode and melodic contour of any of the three lines 
playing on the remote phone . Interaction between interconnected 
phones takes place at times predetermined for each player by the 
compositional design. in a manner similar to Mandala 4. 
4.3.1 Initialization 
During initialization phone A finds phone C and connects with it. 
Phone B connects with phone D in a similar fashion. Both 
autonomous connections are synchronized manually when the 0 
buttons on phone A and phone B are pressed simultaneously. 
5. JAVA IMPLEMENTATION 
Development of musical applications has been slowed by 
anomalies in both MIDI and Bluetooth implementation. Several 
patches were required to work around problems associated with 
MIDI control in 6230 phones. While the 6230 is now 
discontinued, these problems are detailed here so designers might 
benefit from the experience of users as they develop future 
models. 
5.1 MIDI 
On the 6230, a continuous stream of more than 30 MIDI Note 
ON-Note OFF events caused it to crash . This problem only 
occurred when code is executed on the phone but did not occur 
during emulation using either Eclipse or Nokia PC Suite. 
However the phone had no such problem playing a MIDI file 
containing hundreds of MIDI Note-Obi - MIDI Note-OFF 
messages. This suggests that applications had been tested using 
MIDI files rather than using raw MIDI data which unfortunately 
restricted the usefulness of the phone for interactive musical 
performance. 
To overcome this problem it was necessary to create note 
envelopes by using MIDI in a non-standard way. A note envelope 
was formed artificially by sending a single note ON, followed by 
a stream of MIDI Controller Change and MIDI Pitch Wheel 
messages. MIDI Controller Change Messages (Controller No.7) 
were used to adjust the level which can be rapidly or gradually 
faded in or out. This allowed more than 30 notes to be played 
although the timbre of each note is severely restricted. MIDI Pitch 
Bend was also used in a similar fashion to define pitch. The Nokia 
6230 however proved to have remarkable tuning resolution . Even 
with pitch bend spanning a range of four octaves, the 6230 phone 
has a tuning resolution of less than 0.3 of one cent. 
6. CONCLUSION 
The work reported here l?aves the way for novel interactive 
mobile performance interfaces for playing rnicrotonal music. It 
highlights features of mobile technology that, despite its 
shortcomings, offers the potential for groups of non-expert 
players to engage with one another in performing microtonal 
music. Hopefully, as a result, this music will become more widely 
enjoyed and less marginal. 
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